Cd, which may contaminate food crops destined for human consumption. 41
Introduction

46
Cadmium (Cd) is considerably environmentally mobile, bioavailable and toxic to humans 47 and there are linkages between mineral exploitation, Cd 48 soil contamination and human health hazards, for example the contamination of soils by 49 Japan's Jinzu River and its association with the debilitating 'itai-itai' disease (Ishihara et 50 al., 2001 ). In the region bordering Guangdong and Hunan provinces (China), decades of 51 metal production were shown to have contaminated river sediments and agricultural 52 soils (e.g. Chenzhou) as far as 60 km from the source (> 9 µmol Cd kg -1 ) (Limei et al., 53 2008) and inhabitants are considered at risk of chronic health effects from consuming 54 locally grown rice and vegetables (H. Zhao et al., 2012; Zhuang et al., 2009) . Crop safety 55 is a concern because the primary human intake routes for Cd are tobacco smoking and 56 diet (Järup, 2003) , both of which link human exposure to soil contamination. Chronic 57 Laboratory experiments in aqueous media (Acero et al., 2007; Stanton et al., 2008 ) 89
showed that sphalerite dissolution follows a first order reaction with respect to [H + ] (pH 90 1 -4.2); the rate increases with temperature (25 -70 ˚C) and is independent of 91 dissolved oxygen concentrations (6.3 -270 µM dO2), suggesting that the process 92 described by Eq. 1 is of minimal importance. Apart from differences in experimental 93 design, the iron (Fe) content of the sphalerite is also proposed to influence the 94 dissolution rate (Weisener et al., 2003) . 95
96
The aim of this study was to determine the rate of sphalerite dissolution and Cd release 97 in soils of contrasting geologic and climatic provenance, and the bioavailability of the Cd 98 to key crops under relevant agricultural scenarios. 99 well-rotted animal dung (milled and sieved to < 2 mm) at 10 % m/m, bringing the 119 organic matter content to the upper range for productive soils. Sphalerite was finely 120 ground, sieved (ball mill, < 63 µm) and stored in a desiccating, N2-purged atmosphere 121 (see Laboratory batch incubation experiments). The < 63 µm fraction represents clay 122 and silt size particles, which are thought to account for the majority of fugitive dust mass 123 flux (Kon et al., 2007) . 124 125 Experimental soils were characterised using standard methods (Carter and Gregorich, 126 2007): total sulfur (S), nitrogen, organic/inorganic carbon (NC2500 elemental analyser, 127
Methods
100
Investigative approach
Carlo Erba), eCEC, organic matter, texture and pH (United States Environmental 128
Protection Agency, 2004). For elemental analyses, soils and sphalerite were microwave-129 digested (MarsXpress, CEM) in 50 % v/v 1:3 HNO3:HCl. Bulk mineralogy was evaluated 130 using powder X-ray diffraction (XRD) (Cu-Kα, 2-70˚ 2θ, 0.02˚/S, D5000, Siemens). The 131 sphalerite was also examined using scanning electron microscopy with energy 132 dispersive spectroscopy (SEM-EDS) (JSM-7100F, JEOL/Aztec EDS, Oxford Instruments). 133 (Table S1 ). Statistical analyses were performed using the 181
Laboratory batch incubation experiments
Sigmaplot 12 software package (Systat Software). 182
Results and discussion
183
Experimental soil and sphalerite characterisation 184 Both experimental soils were of circum-neutral pH, rich in organic matter, with a similar 185 moderate eCEC (Table 1) comparison, Cd concentrations in the wheat (spiked soil) were higher than those for rice 367 by a factor of 49 in seeds and 24 in stems. Given that the rate of sphalerite dissolution in 368 the experimental soils only varied by a factor of 2, the tissue concentrations illustrate 369 significant differences in the Cd bioavailability and/or uptake behaviour in the rice and 370 wheat soil-plant systems. 371
372
The data suggest that, all factors being equal, the rice had a propensity for Cd uptake 373 similar to or greater than the wheat. In control soils, the wheat and rice stem 374 concentrations were similar (0.74 -0.85 µmol kg -1 Cd) and the rice stem BCF was much 375 higher than for the wheat (Figure 4) . Also, the rice TF increased in spiked soils (+ 53 %), 376
indicating that the plants responded to higher Cd availability by enhancing stem-to-377 grain translocation. In light of this apparent propensity for uptake, the relatively low 378 rice tissue Cd concentrations suggest that decreased Cd availability in the paddy soil 379 porewater limited uptake. This proposition is supported by CaCl2-extractable Cd 380 concentrations that were below the detection limit (Figure 2 
